INTRODUCTION
The ability to measure accurately the internal training load (ITL) of an athlete is essential when trying to optimise athletic performance 1 and prevent adverse training outcomes, such as injury or overtraining 2 . This is important for coaches and practitioners who prescribe training loads for adolescent athletes 3 , whereby early sports specialisation has become more popular and is complicated by growth and maturational issues 4 . Traditionally, ITL has been measured using heart rate (HR), due to the almost linear relationship between HR and oxygen uptake (V O2), a measure of energy expenditure, across multiple steady-state submaximal exercise intensities 5 . However, while HR is still regarded as the 'gold standard' for non-invasive measurement of ITL 6 , it is often unfeasible within youth sport, requiring the use of expensive telemetric HR monitors and technical expertise. Consequently, the session rating of perceived exertion (sRPE), an athlete's subjective rating of perceived exertion multiplied by session duration (minutes), has been established as a simple and valid measure of ITL 7 .
Based on the formative research of Foster et al. 8 , sRPE is typically reported 30 minutes following session completion. They argued that this approach reduces the effect of the final section of an exercise session on the reported sRPE. However, few studies have investigated the effect of measurement timing on sRPE, especially within youth sport. Therefore, the most suitable time-point to report sRPE remains unclear and is largely dependent on the inclusion (or exclusion) of a cool-down 9 . It has also been argued that sRPE may oversimplify the psychophysiological construct of exertion 10 , potentially lacking sensitivity during high intensity exercise. However, through the application of differential ratings of perceived exertion, such as leg-exertion (dRPE-L) and breathlessness (dRPE-B), it has been shown that it is possible to discriminate between central and peripheral exertion 11 , possibly resulting in a more perceptive estimation of ITL. Nonetheless, the validity of sRPE and dRPE measures, in terms of measuring ITL, has yet to be established within adolescent distance running. Therefore, in a population of adolescent distance runners, the purpose of this study was to (1) investigate the effect of measurement timing on sRPE, dRPE-L and dRPE-B following exercise session completion, across three time-points (0, 15 and 30 min), and (2) to examine the concurrent validity of sRPE, dRPE-L and dRPE-B, as measures of ITL, when compared to three individualised HR-based criterion measures.
METHODS

Participants
Fifteen (three girls) adolescent distance runners (age 15.2 ± 1.6 y) volunteered to participate in this study. Each participant had to be a member of an England Athletics affiliated athletics club, aged 13 to 18 years and training for a specific middle distance running event,
ranging from the 800 m through to the 3,000 m (including Steeplechase). A convenience-based sampling procedure was used, with each participant receiving verbal and written information of the study procedures. Parental consent and participant assent were obtained. Ethical approval 
Experimental Design
This study used a prospective observational research design where each participant completed one laboratory visit, followed by a two-week mesocycle of training. Data collection took place between May and September 2017.
Laboratory Visit
On arrival to the laboratory, participants were familiarised with study procedures, the concept of RPE and Foster's modified CR-10 Borg scale 8 . Anthropometric measures, a baseline capillary blood sample and resting heart rate (HRrest) were collected, followed by the completion of a two-part incremental treadmill test for the assessment of VO2max, maximum heart rate (HRmax), the blood lactate threshold (LT) and lactate turn point (LTP) 15 . All tests were performed on a motorised treadmill (Pro XL, Woodway GmbH, Germany), with pulmonary gas exchange and HR being recorded throughout. 
Experimental Measures
Anthropometry
Body mass was measured to the nearest 0.1 kg using digital scales (Seca 704, Seca
GmbH, Germany), and stature was measured to the nearest 0.1 cm using a stadiometer (Seca 217, Seca GmbH, Germany). Using the participant's body mass and stature, (somatic) maturity was calculated as an offset score, in years, from peak height velocity 16 .
Heart Rate
During the laboratory visit, HR was recorded every 1 s using a telemetric HR monitor 
Capillary Blood Lactate
A fingertip capillary blood sample (~100 µL) was collected using a heparinised microvette (CB 300 FH tubes, Sarstedt AG & Co., Germany). These samples were analysed immediately for lactate using a calibrated automatic analyser (YSI 2300, Yellow Springs
Instruments, USA) in duplicate and averaged for subsequent analysis. LT and LTP were visually obtained by plotting blood lactate against running velocity and approved by two independent reviewers. LT was accepted as the first sustained increase in blood lactate above baseline levels.
LTP was accepted as a distinct and sustained breakpoint in blood lactate following LT 15 .
Pulmonary Gas Exchange
Oxygen uptake (V O2) was measured using a breath-by-breath automated gas analysis system (Cortex Metalyzer III B, Cortex Biophysik GmbH, Germany). Volume and gas concentrations were calibrated before each test using standard procedures. Maximum oxygen uptake (V O2max) was accepted as the highest 10 s V O2 observed during the incremental test.
Measures of Internal Training Load
For each exercise session, sRPE was calculated by multiplying RPE by session duration (minutes), as reported from the modified CR-10 Borg scale 8 . This category-ratio scale translates perception of effort (from 'rest' to 'maximal') into a numerical score 17 , having been previously validated 1 . The sRPE calculation was completed for each RPE measure (wholebody, leg-exertion and breathlessness) at exercise completion (sRPE0, dRPE-L0, dRPE-B0), 15 min post-session (sRPE15, dRPE-L15, dRPE-B15) and 30 min post-session (sRPE30, dRPE-L30, dRPE-B30), expressed in arbitrary units (AU). To improve the accuracy of self-reported RPE scores the incremental treadmill test was used to anchor perception of maximal exertion.
Three individualised HR-based training load methods were used as criterion measures of ITL. Firstly, the individualised training impulse (TRIMPI) was used 18 . This method weights training duration using an individualised weighting factor (Y i ) for each participant, based upon their blood lactate response to incremental exercise, rather than a sex-specific exponential factor 19 ; calculated as follows:
where TD is the session duration (minutes) and ∆HR is the heart rate ratio, determined by the following equation:
in which HRTS is the average HR throughout the exercise session. Thirdly, a modified version of TRIMPE based on the work of Lucia et al. 21 was used.
This method (TRIMPL) was calculated by multiplying the time spent in three different HR zones (zone 1 = below the LT, zone 2 = between the LT and the LTP, zone 3 = above the LTP)
by a coefficient (k) relative to each zone (k = 1 for zone 1, k = 2 for zone 2, and k = 3 for zone 3), before summating the results.
Statistical Analyses
Data are presented as mean ± standard deviations. 
RESULTS
Descriptive Characteristics
Participant descriptive characteristics are shown in Table 1 . A total of 76 exercise sessions were completed by the participants. Due to data loss from the telemetric HR monitors, a total of 69 exercise sessions were used for subsequent analysis. The average number of exercise sessions completed per participant was 5 ± 3 (range 3 to 11), with the average duration of these sessions being 50.7 ± 23.5 min. Out of the 69 exercise sessions, 42 were interval sessions, 20 were continuous (steady-state) runs and 7 were competitive races (i.e. 800 m). In total, 59 of the exercise sessions included a cool-down. The pooled average TRIMPI; TRIMPE, TRIMPL, sRPE, dRPE-L and dRPE-B scores (AU) during the two-week mesocycle are shown in Table 2 .
Latency Effect
The effect of time on sRPE, dRPE-L and dRPE-B scores is shown in Table 3 .
Differences between sRPE, dRPE-L and dRPE-B scores, across each time-point (0 min, 15 min and 30 min), are shown in Table 4 .
Correlations Between Measures of ITL
Within-participant correlations between sRPE, dRPE-L, dRPE-B and each of the HRbased ITL measures (TRIMPI, TRIMPE and TRIMPL), at each time-point (0 min, 15 min and 30 min), are presented in Table 5 . Correlations ranged from r = 0.61 to 0.89, across all HRbased criterion measures.
DISCUSSION
To our knowledge, this is the first study to have investigated both the latency effect and concurrent validity of sRPE, dRPE-L and dRPE-B, as measures of ITL, in adolescent distance runners. The main findings were that: (1) 
Latency Effect
Traditionally, sRPE, dRPE-L and dRPE-B have been reported 30 min following session completion, in order to reduce the effect of the final section of an exercise session on an athlete's self-reported scores 8 . However, while this approach has been utilised across multiple studies 12 , there remains a dearth of scientific literature in relation to the effect of measurement timing on sRPE, dRPE-L and dRPE-B. This is surprising, given that reporting scores at session completion (0 min) would be both practical and time-efficient.
Our data evidence a latency effect, whereby sRPE, dRPE-L and dRPE-B scores were all most likely lower when reported 30 min post-session. This finding is in contrast to the laboratory-based work of Christen et al. 9 , conducted in well-trained youth athletes (n = 15; 18.9 ± 0.7 y), where it was found that measurement timing did not influence sRPE scores during a 24 hour follow-up period, in relation to steady-state and interval cycling exercise. However, these contrasting findings are likely an outcome of differences in exercise mode, as evidenced between cycling and distance running 27 . This argument is supported by McLaren et al.
11
, who demonstrated more substantial latency effects on sRPE, dRPE-L and dRPE-B scores for treadmill running, when compared to ergometer cycling, between session completion (0 min) and 30 min post-session. However, this study was conducted with older participants (n = 22; 23 ± 3 y), consisting of male university soccer players. Therefore, although direct comparison with our results is difficult, the direction of the reported latency effect (i.e. decreasing over time) supports
our findings. Nonetheless, both of the discussed studies were conducted in a laboratory setting, allowing the ecological validity of these studies to be questioned.
Previous literature has shown that the intensity towards the end of an exercise session and the inclusion (or exclusion) of a cool-down can influence the self-reported sRPE, dRPE-L and dRPE-B scores 9, 11 . Throughout this study, 59 exercise sessions included a cool-down, even though participants were not obliged to do so. Notably, the 10 exercise sessions that excluded a cool-down were all continuous (steady-state) runs. Therefore, it is unlikely that the sRPE, dRPE-L and dRPE-B scores would have been influenced by the given intensity towards the end of these exercise sessions. As a result, in contrast to how sRPE was initially implemented by Foster et al. 8 (i.e. reported 30 min post-session), our findings show that sRPE, dRPE-L and dRPE-B scores can be reported at session completion (0 min), when used with adolescent distance runners.
However, in situations where an intense exercise session excludes a cool-down, sRPE, dRPE-L and dRPE-B may be biased towards higher scores.
Concurrent Validity
The pooled data demonstrate that sRPE, dRPE-L and dRPE-B all maintained their largest correlations (r = 0.74 to 0.89) when reported at session completion (0 min), in comparison to each of the HR-based criteria measures (Table 5) . Also, when compared to previous literature 12 , these correlations remained consistent (large to very large) across all timepoints (0 min, 15 min, 30 min). This finding is similar to that reported by Lupo et al. 28 , whereby the magnitude of correlation between sRPE and TRIMPE only marginally increased when However, throughout our study, reporting sRPE, dRPE-L and dRPE-B scores at session completion (0 min) always maintained the largest correlations.
PRACTICAL APPLICATIONS
Our results indicate that sRPE provides a valid measure of ITL when reported at session completion (0 min), 15 min and 30 min post-session, in adolescent distance runners. This finding is useful for coaches and practitioners, as sRPE0 can be used as a practical and timeefficient approach for monitoring ITL, without having to delay the data collection process.
Furthermore, considering that dRPE-L and dRPE-B maintain similar correlations to sRPE, across each of the HR-based criteria measures, it can be argued that these differential measures should also be used, due to their high degree of shared variance. For example, the sRPE and dRPE-L measures were very similar in terms of RPE scores (see Table 2 ), deterioration over time (see Table 3 ) and validity with the HR-based measures of ITL (see Table 5 ), at all timepoints (0 min, 15 min and 30 min). Furthermore, the very likely higher (15 min post-session) and most likely higher (30 min post-session) differences between dRPE-L and dRPE-B scores (see Table 4 ) indicate that these measures reflect different components of exertion. Therefore, using dRPE-L and dRPE-B alongside sRPE, at all time-points (0 min, 15 min and 30 min), may be beneficial during particularly intense periods of training and/or competition, in order to discriminate between central and peripheral exertion.
In relation to study limitations, the collection of sRPE, dRPE-L and dRPE-B scores
were not counterbalanced, possibly resulting in an order effect. Additionally, the number of exercise sessions completed per participant ranged from three to eleven, with data loss from the HR monitors compounding this issue. As a result, future research should extend the monitoring period, in order to capture a more substantial number of exercise sessions.
CONCLUSION
Our results indicate that regardless of whether sRPE is reported at session completion 
